Background: The aim of this two-center, open, randomized, controlled trial was to evaluate the impact of thoracic epidural anesthesia on early clinical outcomes in patients undergoing off-pump coronary artery bypass surgery. Methods: Two hundred and twenty-six patients were randomized to either general anesthesia plus epidural (GAE) (n ϭ 109) or general anesthesia only (GA) (n ϭ 117). The primary outcome was length of postoperative hospital stay. Secondary outcomes were: arrhythmia, inotropic support, intubation time, perioperative myocardial infarction, neurologic events, intensive care stay, pain scores, and analgesia requirement. Results: Baseline characteristics were similar in the two groups. One patient died in the GAE group. Median postoperative stay was significantly reduced in the GAE, com-pared with the GA, group (5 days, interquartile range [5-6] vs. 6 days, interquartile range [5-7], hazard ratio ϭ 1.39, 95% CI [1.06 -1.82]; P ϭ 0.017). The incidence of arrhythmias and the median intubation time were both significantly lower in the GAE, compared with the GA, group (odds ratio ϭ 0.41, 95% CI [0.22-0.78], P ϭ 0.006 and hazard ratio ϭ 1.73, 95% CI [1.31-2.27], P Ͻ 0.001, respectively). Patients in the GAE group were more likely to need vasoconstrictors intraoperatively than in the GA group (odds ratio ϭ 2.50, 95% CI [1.22-5.12]; P ϭ 0.012). The GAE, compared with GA, group reported significantly lower levels of impairment for all pain domains and reduced morphine usage (odds ratio ϭ 0.07, 95% CI [0.03-0.17]; P Ͻ 0.001).
Conclusion:
In patients undergoing off-pump coronary artery bypass surgery, the addition of thoracic epidural to general anesthesia significantly reduces the incidence of postoperative arrhythmias and improves pain control and overall quality of recovery, allowing earlier extubation and hospital discharge.
T HE current, greatly improved mortality rate after coronary artery bypass grafting (CABG) is a relatively crude measure of outcome, and data on complications and quality of recovery should be used to assess increasingly important early outcomes for patients and the health care system. A recent report by the Society of Cardiothoracic Surgery of Great Britain and Ireland stressed the fact that "mortality is important but a relatively crude measure, and emphasized the need to look at data on complications and length of stay." 1 Reduction of postoperative morbidity is an obvious goal of clinical care, but is also extremely important in the current era of economic constraint, as this can help to minimize a patient's length of hospital stay and reduce the chances of readmission for complications. 1 The search for improvements in quality of recovery for patients undergoing CABG is therefore an important target for doctors and nurses working in this field. In this context, the addition of regional to general anesthesia, with its demonstrated benefits in adult and pediatric patients undergoing major surgery, is receiving increasing attention from anesthetists and cardiac surgeons. [2] [3] [4] [5] [6] [7] Regional anesthesia may attenuate adverse physiologic stress responses associated with cardiothoracic surgery, including alterations in circulatory (tachycardia, hypertension, vasoconstriction), metabolic (increased catabolism and cortisol release), immunologic (impaired immune response), and hemostatic (platelet activation) systems. 8 -12 Two recent randomized, controlled trials 3, 4 have investigated the potential benefits of thoracic epidural anesthesia in patients undergoing conventional CABG with cardiopulmonary bypass (CPB) and cardioplegic arrest. Scott et al. 3 demonstrated a reduction in the incidence of supraventricular arrhythmias, postoperative confusion, respiratory tract infection, and renal failure in patients receiving regional anesthesia as well as earlier tracheal extubation on the intensive care unit (ICU), compared with control patients receiving general anesthesia only. Priestley et al. 4 also demonstrated better analgesia and earlier extubation with the use of thoracic epidural anesthesia, compared with the general anesthesia control group, with no significant difference in the postoperative length of stay. Others, however, have shown no significant difference in extubation time with or without regional anesthesia. 13, 14 In general, cardiac anesthetists have been reluctant to adopt this technique given the need for full heparinization during CPB and the potential for bleeding and neurologic complications. The aim of this randomized, controlled trial was to investigate the impact of regional anesthesia on early clinical outcomes in patients undergoing off-pump coronary artery bypass (OPCAB) surgery where the need for systemic heparinization is significantly reduced.
Materials and Methods

Study Design
This was a two-center, open, parallel-group, randomized, controlled trial.
Participants
Eligible patients were adults (at least 16 yr) undergoing primary OPCAB surgery without the use of CPB and cardioplegic arrest. Patients requiring salvage CABG, in cardiogenic shock, or who had associated heart valve pathologies were excluded. Patients on intravenous heparin, warfarin, or clopidogrel at the time of surgery or who suffered from bleeding diathesis were also excluded.
Study Settings
The study was conducted at the Bristol Heart Institute (Bristol, United Kingdom) and Clinica Montevergine (Mercogliano, Italy), two specialized regional cardiac surgery centers serving a population of approximately 1.5 million people. The study was approved by the Hospital Research Ethics Committee (Central and South Bristol Research Ethics Committee, Bristol, United Kingdom), and written informed consent was obtained from all patients.
Interventions
Patients were randomized to receive either general anesthesia plus epidural (GAE) or general anesthesia (GA) only.
Anesthetic Technique
In both groups, the anesthetic technique consisted of premedication with benzodiazepines and induction with propofol at 0.5-1 mg/kg combined with fentanyl (10 -20 g/kg). Neuromuscular blockade was achieved with 0.1-0.15 mg/kg pancuronium bromide or vecuronium, and, following tracheal intubation, the lungs were ventilated to normocapnia with air and oxygen (45-50%). End-tidal carbon dioxide was maintained between 35 and 40 mmHg throughout. Anesthesia was maintained with either isoflurane at 0.8 -1.0 minimal anesthetic concentration or intravenous propofol 3-4 mg ⅐ kg Ϫ1 ⅐ h Ϫ1 , at the discretion of the consultant anesthetist.
In addition, patients in the GAE group had a thoracic epidural catheter sited in the operating theater immediately before surgery at the T2-3 or T3-4 intervertebral space. Bilateral neuraxial block was established from T1 to T10 with an initial bolus of 5 ml bupivacaine, 0.5%, followed by another 5-ml bolus after 10 min. Determination of the spread of block was performed with ethyl chloride spray. If a "bloody tap" was to occur, the operation was postponed for 24 h and commenced only if neurologic examination was completely normal the next morning. Any focal neurologic abnormality resulted in an urgent magnetic resonance imaging scan to exclude epidural hematoma. After induction of GA and when central hemodynamic status was stable, a continuous infusion of 0.125% bupivacaine and 0.0003% clonidine (150 g in 500 ml) was commenced at an initial rate of 10 ml/h in accordance with the protocol described by Scott et al. 3 
Surgical Technique
The surgical technique and the method of exposure and stabilization for performing anastomoses in patients undergoing OPCAB surgery have been described previously. 15, 16 Heparin (150 units/kg) was administered before the start of the first anastomosis to achieve an activated clotting time of 250 -350 s. On completion of all anastomoses, protamine sulfate was given to reverse the effect of heparin and return the activated clotting time to less than 120 s.
Postoperative Care
In the GAE group, the epidural infusion continued for 72 h. After surgery, the rate of infusion was titrated by the attending intensivist according to clinical need; the goal was to maintain the neuraxial block between T1 and T10 throughout the infusion. "Top-up" bolus doses up to a maximum of 4 ml bupivacaine, 0.25%, were administered when the patient complained of pain. If more than three increases to the infusion rate or more than three epidural top-up doses were required in any hour, analgesia was considered inadequate.
In the GA group, a patient-controlled analgesia intravenous morphine pump was started in the ICU for 48 h by using 1-mg bolus dosing with a 5-min lockout period. Patient-controlled analgesia was also available, if required, to patients in the GAE group. All patients in both groups received additional oral paracetamol (1 g) every 6 h.
All other aspects of postoperative patient management were according to unit protocol as reported previously. 16 
Outcome Measures
The primary outcome was the length of postoperative hospital stay, defined as the number of days from surgery to discharge from the hospital. Patients were discharged when apyrexial, with normal blood test results and chest x-ray and full mobility. The period from randomization to surgery (including any delay to the surgery for clinical or operational reasons) and any period of convalescence for rehabilitation or social reasons in another healthcare facility before discharge home were excluded.
Secondary outcomes were (1) new arrhythmia, defined as any duration at any time in the postoperative period on the basis of a rhythm strip or 12-lead electrocardiogram 17 ; (2) requirements for inotropic or vasodilator support (noradrenaline was used as a vasopressor; dopamine was used in bradycardic patients, and adrenaline was mostly for low cardiac output); (3) blood loss in the first 12 h after surgery and transfusion requirement, given if the hematocrit fell to less than or equal to 23% 18 ; (4) intubation time; (5) perioperative myocardial infarction (MI), defined as new Q waves of 0.04 ms and/or a reduction in R waves more than 25% in at least two contiguous leads on electrocardiogram 17 ; (6) chest infection, defined as the presence of purulent sputum associated with fever and requiring antibiotic therapy according to positive sputum culture and wound infection defined according to the National Nosocomial Infections Surveillance Report † †; (7) neurologic events (diagnosis of stroke was made if there was evidence of new neurologic deficit with morphological substrate confirmed by computed tomography or nuclear magnetic resonance imaging) 17 ; (8) pain outcomes and analgesia requirement; (9) postoperative ICU stay in days; and (10) quality of life at recruitment, 3 months, and 6 months after surgery, measured using the coronary revascularization outcome questionnaire and short-form health survey.
Pain outcomes were collected by the nursing staff twice daily (AM and PM) at days 1-5 postoperatively. Six domains (mobility, sedation, pain, upper limb, lower limb, and vomit) were scored. Ordinal scales (ranging from 0 to 2 or 0 to 5, depending on the item) were used, with higher scores indicating greater severity/impairment. For the United Kingdom patients, information on the use of analgesia and the doses of morphine, tramadol, codeine, and nonsteroidal analgesia was also collected at days 1-5 by the nursing staff.
Quality of life was measured for the United Kingdom patients only. At recruitment, the questionnaires were handed to the patient for completion. Follow-up questionnaires at 3 and 6 months after surgery were sent to the patient's home.
Sample Size
The study size was set at 300 patients (150 per group) to provide 80% power to detect clinically relevant difference of 1 day in postoperative length of stay, assuming a mean postoperative hospital stay of 6.9 days (SD 4.7 days) for the GA group and 5% statistical significance, which were in line with previous studies carried out at the Bristol Heart Institute. Recruitment was slower than expected, and after 120 patients had been recruited from the United Kingdom center, data on length of stay were extracted from the trial database, and the estimate for the SD was recalculated. The data were not unblinded, and no comparison between the groups was made. The distribution of the length of stay was skewed, so for the revised calculations, the data were transformed to the logarithmic scale and a target reduction of 1 day in median length of stay (from 6 to 5 days) was used. The SD (for the two groups combined) was 0.494, giving an effect size of 0.368 and a revised total sample size of 230 patients.
Randomization
Randomized treatment allocations were generated using Stata version 8 (StataCorp LP, College Station, TX). They were stratified by consultant team with a 1:1 allocation using blocks of varying sizes. Allocation details were concealed in sequentially numbered, opaque sealed envelopes. These were prepared by the clinical trials and evaluation unit. Randomization took place after the research fellow had obtained written informed patient consent. This was usually the night before surgery for a planned morning case or on the morning of surgery for an afternoon case.
Statistical Methods
Continuous variables were summarized using the mean Ϯ SD (or median and interquartile range [IQR] if the distribution was skewed), and categorical data were summarized as a number and percentage. "Time-to-event" outcomes (e.g., length of hospital stay and time to extubation) were compared using hazard ratios (HRs) from Cox proportional hazards models, censoring at death for any deaths before the event occurred. The time-to-event curves were constructed using the Kaplan-Meier method. Binary outcomes were compared using odds ratios (ORs). Continuous outcomes were modeled using linear regression, with logarithmic transformations if distributions were skewed. For transformed data, the results were transformed back to the original scale after analysis and the results presented as geometric means, with the difference between the treatment groups expressed as a ratio of geometric means. All effect estimates are reported with 95% CIs.
Postoperative pain scores were normalized, and the resulting scores analyzed using mixed models with patient and patient by time fitted as random effects. Again, changes in treatment effect over time were assessed using the F test. In addition, the potential inclusion of nonlinear time effects (and relevant interaction terms) was assessed using F tests. Pain and analgesia data collected on day 5 were excluded because of differential missing data patterns between treatment groups (at all other times missing data were minimal).
Analyses were carried out on the basis of intention to treat. All analyses were adjusted for consultant team, as the randomization was stratified by team. Center-by-treatment and consultant team-by-treatment interactions were examined, and no evidence of differing treatment effects between centers and teams was found. The validity of the assumptions underpinning the models fitted was checked. The primary outcome was reanalyzed (1) excluding protocol violations, (2) adjusting for consultant team and the additive euro-SCORE, and (3) redefining length of stay to include the time from randomization to surgery as sensitivity analyses.
No correction was made for multiple comparisons, but our interpretation of the findings takes into account the consistency of the associations observed and their magnitude as well as their statistical significance. All mixed models were fitted in SAS version 9.1 (SAS Institute, Inc., Cary, NC). All other analyses were performed using Stata version 10.1 (StataCorp LP).
Results
Patient Recruitment
Patient recruitment took place between August 2003 and November 2007. Two hundred and twenty-six patients were enrolled in the study, with 109 randomly assigned to GAE and 117 to GA (see fig. 1 ). One hundred and fifty-seven of these patients were recruited by the United Kingdom center; the remaining 69 patients were recruited by the Italian center. Data on patients screened but not enrolled were not collected.
Protocol Violations
There were 18 protocol violations in patients allocated to GAE who received GA because the epidural could not be inserted. Of these, bloody taps occurred in seven patients, and severe hypotension requiring a bolus of adrenaline intraoperatively without any clinical consequences occurred in two patients. The failure rate was distributed across the study period; it was not concentrated at the beginning of the study (see Supplemental Digital Content 1, which is a table showing epidural failures, http:// links.lww.com/ALN/A666). Six operations were carried out onpump; three were classified as on-pump at the first anastomosis, and three were converted from off-to on-pump sometime after the first anastomosis ( fig. 1) .
No patient withdrew from the trial. tients (70%) had triple-vessel coronary disease, and 28% had more than 50% stenosis in the left main stem. Patient characteristics were similar in the two groups, although lung disease/chronic obstructive airways disease was more common in the GAE group (23% vs. 12%). Also, the percentage of insulin-dependent diabetics was higher in the GA group (12% vs. 4%), although the overall proportion of diabetics was similar in the two groups (20% GAE, 26% GA).
Baseline Characteristics and Operative Details
The mean number of grafts was 2.7 (SD, 0.7), and mean operative duration 193 min (SD, 70).
Numbers Analyzed
The primary analysis was intention to treat and involved all patients who were randomly assigned. Data are complete, except where indicated by footnotes to the relevant table.
Primary Outcome
The median time from surgery to discharge was 1 day shorter for patients in the GAE group compared with those in the GA group (5 days, IQR [5] [6] vs. 6 days, IQR [5] [6] [7] ; see table  2 ). The estimated HR (GAE/GA) of 1.39 (95% CI [1.06, 1.82]; P ϭ 0.017), indicates that, at any given time, the "hazard" of discharge from hospital for a patient in the GAE group was approximately 40% higher than that of a patient in the GA group (i.e., GAE patients were significantly more likely to be discharged earlier than those in the GA group). Figure 2 shows the time to discharge by treatment group.
The majority of patients at the United Kingdom center were discharged home. Eight patients in the GAE group and five in the GA group were discharged to another healthcare facility, and one patient in the GAE group was discharged to a convalescence facility. Healthcare systems in Italy are such that the majority of patients are discharged to a convalescence/rehabilitation facility before returning home.
Secondary Outcomes
Clinical Outcomes. Secondary clinical outcomes are reported in table 2. The need for intraoperative vasoconstrictors differed significantly between the two treatment groups; patients in the GAE group were 2.5 times more likely to need vasoconstrictors intraoperatively (OR ϭ 2.50, 95% CI [1.22, 5.12]; P ϭ 0.012). However, there was no significant difference between the groups with regard to the need for postoperative inotropes (P ϭ 0.30). Of the 42 patients who needed vasoconstrictors interoperatively, 21 received dopamine (10 in the GAE group, 11 in the GA group), 2 received adrenaline (both in the GA group), and 20 were given noradrenaline (18 in the GAE group, 2 in the GA group). One patient (in the GA group) received both dopamine and adrenaline. Of the 121 patients given inotropes postoperatively, the dose was minimal (3-5 g/kg per min) in 61 cases (40 in the GAE group, 21 in the GA group), moderate (more than 5 g/kg per min) in 57 cases (19 in the GAE group, 38 in the GA group), and maximal (adrenaline/enoximone) in 3 cases (all in the GAE group). Doses less than 3 g/kg per min were classified as "none." In total, 66/109 (61%) patients in the GAE group and 59/117 (50%) patients in the GA group required inotropic support intra-and/or postoperatively (OR ϭ 1.59, 95% CI [0.89, 2.82]; P ϭ 0.12), and 38 patients (24 patients in the GAE group and 14 in the GA group) required inotropic support both intra-and postoperatively (OR ϭ 2.06, 95% CI [0.99, 4.29]; P ϭ 0.053).
The incidence of new arrhythmias and median intubation time were both significantly lower in the GAE group compared with the GA group (OR ϭ 0.41, 95% CI [0.22-0.78], P ϭ 0.006 and HR ϭ 1.73, 95% CI [1.31-2.27], P Ͻ 0.001, respectively).
There was no evidence of statistically significant differences in the incidence of vasodilator support (either intra-or postoperatively) or postoperative complications (MI, infections, and neurologic events) between the two groups (see table 2 ). However, the incidence of postoperative complications was generally low (MI 5%, stroke 2%, infection 17%), and therefore comparisons between treatment groups have low power. Ten patients were reoperated on for reasons of bleeding (5), low cardiac output (2), mediastinitis (1), and reason not recorded (2) . Thirty-four patients had a pneumothorax or lung collapse (12 in the GAE group and 22 in the GE group; P ϭ 0.11). Lengths of ICU stay (see fig. 2 ), median blood loss, and transfusion requirements were also similar between the two groups. There was one death in the ICU after 13 days. This patient (from the GAE group) suffered an MI postoperatively and died of multiorgan failure. Pain and Mobility Outcomes. Pain and mobility data were analyzed for 193 patients (92 in the GAE group, 101 in the GA group); the first 33 Italian patients recruited were excluded, as the data were not collected for five of the six domains. Scores for the pain domain were collected, but only for days 1-3.
The effect of GAE versus GA on pain scores is illustrated in figure 3 . The GAE group reported significantly lower levels of impairment/pain for all six domains of mobility (mobility, sedation, pain, upper-and lower-limb motor, and vomit), compared with the GA group. The effect of treatment differed over time, with the greatest differences observed in the immediate postoperative period. Although the differences in average scores between the groups reduced over time, all but the mobility score remained significantly lower for the GAE group at the end of postoperative day 3, with scores on the pain domain significantly lower up to postoperative day 4, compared with those for the GA group. Full details of all scores at each time point can be found in Supplemental Digital Content 2, http://links.lww.com/ALN/ A667.
Analgesia results are presented in table 3. The proportion of patients receiving any analgesia was similar in the two groups (P ϭ 0.54). However, there was less morphine usage in the GAE group compared with the GA group (OR 0.07, 95% CI [0.03, 0.17]; P Ͻ 0.001), and for the subgroup of patients prescribed morphine, the median total dosage was lower in the GAE group compared with the GA group (12 mg, IQR [3, 29] vs. 21 mg, IQR [11, 33.5] ; P ϭ 0.004). Usage of other analgesics (tramadol, codeine, and nonsteroidal analgesic drugs) was similar in the two groups. Details of 
Sensitivity Analyses
The sensitivity analyses for the primary outcome did not alter any conclusions: (1) excluding protocol violations (HR ϭ 1.51, 95% CI [1.12, 2.02]; P ϭ 0.006), (2) including adjustment for the additive euroSCORE (HR ϭ 1.34, 95% CI [1.02, 1.77]; P ϭ 0.035), and (3) redefining the length of stay to include the period from randomization to surgery (HR ϭ 1.36, 95% CI [1.04, 1.79]; P ϭ 0.025). The distribution and median time from randomization to surgery were similar in both groups (median, 1 day; P ϭ 0.34). There were differences in overall prevalence of inotropic and vasodilator support between the United Kingdom and Italian centers, but there was no evidence of differing treatment effects between the centers.
Discussion
Our study has clearly demonstrated that adding perioperative regional anesthesia to general anesthesia with "conventional" postoperative analgesia reduces the length of postoperative hospital stay by an average of 1 day. Its use also reduces postoperative arrhythmias and intubation time, improves postoperative pain control, mobility, and physiotherapy cooperation, and reduces nausea in patients undergoing OPCAB surgery.
Superior analgesia, and the avoidance of parental opioids and their side effects, led to significantly quicker extubation times in the GAE group, confirming the results of other Thoracic Epidural Anesthesia in Coronary Surgery studies. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] This superior analgesia was also associated with improved mobility and physiotherapy cooperation and less nausea, probably related to the significant decreased use of opioids. These factors, together with a significant decrease in the incidence of postoperative arrhythmias, explain the early hospital discharge in patients receiving GAE. Such a reduction in hospital stay could have a significant implication, in terms of hospital resources, in times of steadily increasing healthcare costs.
The overall reduced risk (40%) of new postoperative arrhythmias in the GAE group compared with patients in the GA-only group is one of the most compelling findings of the trial. In the anesthetized patient, the major determinant of heart rate is the balance of the sympathetic and parasympathetic activity. High regional anesthesia, including the upper five thoracic segments, blocks the cardiac afferent and efferent sympathetic fibers, resulting in a loss of the chronotropic and inotropic drive to the myocardium. This results in significantly improved intraoperative stability, in terms of heart rate and hemodynamics, and fewer postoperative supraventricular arrhythmias. In the GAE group, we observed remarkably stable heart rates throughout the surgical procedure; ␤-adrenergic blockers were not needed, even during periods of intense surgical stimulation, such as sternotomy, and while positioning the heart to perform distal coronary anastomosis. Other investigators have reported lower catecholamine levels and slower heart rates after CABG in thoracic epidural-treated patients, 19 -23 and similar reduction in new supraventricular arrhythmias. 22, 23 Our trial is also in accordance with previous reports that showed larger intraoperative vasopressor requirements in GAE-treated CABG patients, compared with controls, related to the vasodilator effect of epidural anesthesia. The resulting hypotension has a potential impact on the incidence of myocardial ischemia in patients with critical coronary stenosis; nevertheless, we did not find any evidence of increased MI between the two groups.
The main argument against the use of thoracic epidural anesthesia for conventional CABG surgery is the fear of an increased risk of epidural hematoma caused by the need to administer a large dose of heparin immediately before CPB. This perceived increased risk cannot be quantified, but the incidence of epidural hematoma after catheter insertion without heparinization is approximately 1 in 10,000. 21 Such a risk must be balanced by important clinical advantages if the technique is to be justified. In OPCAB surgery, the need for heparinization is reduced to half the dose as that used for conventional CABG, making the use of epidural anesthesia a more attractive approach. There were six conversions to CPB in the study, three of whom had received an epidural. One of the three patients randomized to receive an epidural had a postoperative MI. There is no evidence in the literature to suggest any increased risk or potential medical-legal concerns with epidural and full heparinization on CPB. 3 When assessing the efficacy of GAE, compared with GA, no adjustment was made for the number of statistical comparisons, but our interpretation of the findings takes into account the consistency and clinical plausibility of the associations observed and their magnitude, as well as their statistical significance. If we were to apply a Bonferroni correction (the most conservative adjustment) in order to maintain an overall 5% significance level across all secondary outcomes compared, two parameters would be considered statistically significant: intubation time and use of opioids.
Limitations
The main limitation of the study was that it was not blinded, and there was no independent adjudication of clinical endpoints. Although it is recognized that lack of masking can affect the assessment of clinical parameters, all patients were managed according to strict protocols, and data were collected in a consistent manner throughout.
The exclusion of the first 33 patients recruited from the Italian center from the analyses of pain outcomes was a fur- Table 3 . Postoperative Analgesia ther limitation, insofar as the reduced sample size reduced the statistical power of the comparisons. However, we do not believe it biased our findings, as the patients were a consecutive series; their exclusion was not influenced in any way by their treatment allocation or clinical outcome.
The study was slow in recruiting, partially because not all of the anesthetists in the two units were agreeable to the use of epidural anesthesia. This reflects the controversy already mentioned. A large number of patients were also excluded because they were receiving intravenous heparin or clopidogrel. Given the increasing use of clopidogrel in routine clinical practice, this may represent a significant limitation to the application of the epidural anesthesia technique, and a further randomized, controlled trial including patients on clopidogrel may be warranted.
In this study, there were 11 failures of epidural catheter insertion and 7 bloody taps that delayed the surgery for at least 1 day. The failure to establish a working epidural was not related to the learning curve and is consistent with previous reports. 4 Bloody taps are a recognized complication that is entirely unpredictable. The failure rate also reflects the cautious approach taken by our anesthetists. If one or two attempts failed, they did not persist for fear of causing a hematoma and risking patient injury.
Conclusions
This is the first randomized, controlled clinical trial of the use of epidural anesthesia in patients undergoing OPCAB surgery. We have demonstrated that the addition of thoracic epidural to conventional general anesthesia accounts for a significant reduction in the incidence of postoperative arrhythmias and improvement in overall quality of recovery, allowing an earlier tracheal extubation and hospital discharge.
